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accessible to traditional biochemical methods.
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Electron-Beam Fabrication of Micron-Scale Birefringent Quartz Particles
for Optical Torque Wrenches
Zhuangxiong Huang, Francesco Pedaci, Matthew J. Wiggin,
Maarten M. van Oene, Nynke H. Dekker.
Torque plays a fundamental role in biological processes such as transcription,
replication, and repair. A number of techniques have been established for the
measurement of torque in single-molecule processes, amongst them the optical
torque wrench [1]. This approach relies on the incorporation of birefringent par-
ticles into optical tweezers, using control of the laser polarization to apply torque,
and measurement of the polarization following trapping to measure torque.
Such birefringent particles, which are also employed in micron-scale pumps to
generate flow in microfluidics [2], and in microrheology as sensors that mea-
sure the local properties of surrounding fluid [3,4], would benefit from care-
fully-controlled geometries. This has been demonstrated by Deufel et al. [5]
and Gutierrez-Medina et al. [6] in the context of optical lithography. Here,
we demonstrate the ability of fabricate such birefringent particles of controlled
geometry using electron-beam writing and discuss the relative merits of this
approach.
[1] La Porta, A. and M.D. Wang, Physical Review Letters 92, 190801 (2004).
[2] Leach, J., et al., Lab on a Chip 6(6), pp. 735–739 (2006).
[3] Bishop, A.I., et al., Physical Review Letters 92(19), 198104 (2004).
[4] Parkin, S.J., et al., Physical Review E 76(4): 041507 (2007).
[5] Deufel, C., et al., Nature Methods 4(3): pp. 223–225 (2007).
[6] Gutierrez-Medina, B., et al. in Methods in Enzymology:
Single Molecule Tools, Pt B. 474: pp. 377–404 (2010).
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Translation and Rotation Dynamics in a Magnetic-Label Biosensor
Leo J. van IJzendoorn, Kim van Ommering, Alexander van Reenen, Xander
J.A. Janssen, Menno W.J. Prins.
Magnetic particles are used inmagnetic-label biosensors to acceleratemolecular
binding to the sensor surface as well as to apply stringency by magnetic forces
[1]. The biochemical and physical interactions of the particles with the biosensor
surface play a key role in themolecular association and dissociation processes. In
this paper we quantify the translation and rotation dynamics of particles at a sen-
sor surface, interacting with the surface by nucleic-acids or protein molecules.
We apply magnetic fields to actuate the particles and investigate their dynamics
with single-particle resolution.
We will present measurements on the 3-dimensional mobility of 500 nm parti-
cles that are biologically bound to a biosensor surface, recorded using evanes-
cent field microscopy with millisecond time resolution [2]. Our data show that
the position and intensity histograms scale systematically with the length of the
captured nucleic-acid analyte molecules and with the magnitude of the applied
magnetic field.
We also present measurements on the rotation dynamics of protein-coated par-
ticles in a rotating magnetic field [3]. We demonstrate that a controlled torque is
generated by the magnetic particles, which is used to quantify the rotation be-
havior and torsion stiffness of proteins captured onto the sensor surface by the
magnetic particles. The data show that different protein pairs have distinctly
different torsion moduli.
[1] D. M. Bruls et al., Lab Chip 9 (2009) 3504.
[2] K. van Ommering et al., J. Phys. D: Appl. Phys. 43 (2010) 155501 &
385501.
[3] X.J.A. Janssen et al., submitted to the Biophysical Journal (2010).
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Simultaneous AFM Force Spectroscopy and FRET Measurements on
Single Biological Molecules
Hui Li, Chi-Fu Yen, Sanjeevi Sivasankar.
Department of Physics and Astronomy, Iowa State University, Ames, Iowa
50011.
Abstract
Single Molecule Fluorescence Resonance Energy Transfer (FRET) and sin-
gle molecule force measurements with the Atomic Force Microscope
(AFM) are two powerful techniques that have facilitated much progress in
the biological sciences. However each of these techniques suffers from lim-
itations that can be overcome by the use of a combined single molecule
AFM-FRET approach. Here, we describe an instrument that successfully
combines single molecule AFM with FRET to apply forces on individual bi-
ological molecules and simultaneously monitor their conformational dynam-
ics. To validate this technique, we measured the force induced shearing of
dye-labeled, double stranded DNA. Single DNA molecules were shearedand mechanical transitions corresponding to DNA rupture were correlated
with changes in FRET.
829-Pos Board B629
Nanomechanical Recognition Measurements of Individual DNAMolecules
Reveal Epigenetic Methylation Patterns
Rong Zhu, Stefan Howorka, Johannes Pro¨ll, Ferry Kienberger,
Johannes Preiner, Jan Hesse, Andreas Ebner, Vassilli Ph Pastushenko,
Hermann J. Gruber, Peter Hinterdorfer.
Atomic force microscopy (AFM) is a powerful tool for analyzing the shapes of
individual molecules and the forces acting on them. AFM-based force spectros-
copy provides insight into structural and energetic dynami of biomolecules and
molecular bonds, by probing the interaction within individual biomolecules, or
between a surface-bound molecule and a cantilever that carries a complemen-
tary binding partner. Here we show that an AFM cantilever with an antibody
tether can measure the distances between 5-methylcytidine bases in individual
DNA strands with a resolution of 4A˚, thereby revealing the DNA methylation
pattern, which has an important role in the epigenetic control of gene expres-
sion. The antibody is able to bind two 5-methylcytidine bases of a surface-im-
mobilized DNA strand, and retracting the cantilever results in a unique rupture
signature reflecting the spacing between two tagged bases. This approach might
also allow related chemical patterns to be retrieved from biopolymers at the sin-
gle-molecule level.
Published in Nature Nanotechnology, November 2010. This work was sup-
ported by the Gen-Au project ‘Ultra sensitive Proteomics and Genomics’
from the Austrian federal ministry for education, science and culture (R. Z.,
S. H., J. Pro¨., P. H.), the Austrian science fund project P15295 (H. J. G.), the
Austria Nano-Initiative / NABIOS (R. Z.,, S. H., H. J. G., P. H.), and the Eu-
ropean Commission grant ‘Single Molecule Workstation (SMW)’ No.
NMP4-SE-2008-213717 (R. Z., P. H.).
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Droplet Tracking for Single Molecule Confinement
Benjamin D. Gamari, Mark E. Arsenault, Peker Milas, Richard E. Buckman,
Christophe Wilhelm, Lori S. Goldner.
We report on a robust system for tracking femtoliter and smaller aqueous drop-
lets in oil over tens of minutes with a few nanometers accuracy in a 150 Hz
bandwidth. Tracking permits the droplet position to be maintained in the detec-
tion volume of a confocal microscope without need for physical or optical trap-
ping, permitting detailed optical analysis of droplet contents. In addition,
droplet tracks can be used to determine droplet size. As an alternative to surface
attachment or liposomal confinement, we use droplets to confine individual bio-
molecules for study using single-molecule fluorescence trajectories. Back focal
plane imaging onto a position sensitive detector (PSD), similar to the configu-
ration frequently used to determine the position of a particle in an optical twee-
zer, is used to determine droplet position with respect to the confocal detection
volume. Our tracking system, inspired in part by the work in Ref. (1), utilizes
a dedicated microprocessor to implement a feedback loop between the PSD and
a fast piezoelectric flexure stage. Motion of the stage keeps the particle in the
confocal detection volume. Here we present data characterizing the system and
also report on progress in using tracked droplets in single-molecule studies of
RNA.
1. Desai, K. V., T. G. Bishop, L. Vicci, E. T. O’Brien, R. M. Taylor, and R. Su-
perfine. 2008. Agnostic particle tracking for three-dimensional motion of cellu-
lar granules and membrane-tethered bead dynamics. Biophys. J. 94:2374–2384.
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HorizontalMagnetic Tweezers forMicromanipulation of Single DNAProtein
Complexes
Christopher P. McAndrew, Joseph Zischkau, Christopher Tyson,
Benjamin Buckeye, Helen DeCelles-Zwerneman, Jonathan Luke,
Patrick Mehl, Abhijit Sarkar.
We have built a novel magnetic force transducer or ‘‘tweezer’’ that can apply
a wide range of pico-newton scale forces on single DNA molecules in the hor-
izontal plane. As the pulling force is applied, the changes in DNA’s end-to-end
extension occur in the focus plane, eliminating the need to autofocus the objec-
tive. The resulting low-noise force extension data enables very high-resolution
spatial tracking of changes to the DNA tether’s extension. These data are ac-
quired by analyzing images from DNA pulling experiments using particle
tracking software that we have also developed. The DNA constructs - l-
DNA end labeled with a 3mmpolystyrene bead and a 2.8mm paramagnetic
sphere- and appropriate buffer are introduced into a 400mL to 650mL closed
cell. This closed cell, created using two #1 or thinner cover-slips and 1mm glass
spacers, isolates our sample and limits thermal currents and evaporative losses
of our buffer. Initial experiments have shown the ability to easily and repeat-
edly find, capture, and manipulate single molecules of end labeled DNA.
Sunday, March 6, 2011 153aMultiple calibration techniques were used to verify the force range of ~0.01 to
~ 100pN and the accuracy of extension measurements obtained in image
processing. A micro-spray technique has been developed to introduce protein
solutions to the taut, single DNA construct to observe individual protein bind-
ing events. Using these techniques we will evaluate the binding energetics of
nucleosome formation with modified histones at a single molecule level.
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Mechanically Unzipping Double-Stranded DNA with Built-In Sequence
Inhomogeneities and Bound Proteins
Ping Lu, Abhijit Sarkar.
We theoretically analyze the force signal expected during unzipping of DNA
with a) bound proteins and b) when the DNA is more strongly base-paired
over certain regions. We consider the case of a single bound protein, multiple
isolated bound proteins, bound proteins with cooperative interactions that re-
sult in collective force-induced unbinding events, and the case of a very large
number of bound proteins. In addition, we also analyze the case where the un-
zipping proceeds through multiple, isolated DNA regions which are more
strongly bound than the surrounding DNA. Our calculations are done in the
fixed-extension ensemble. In both cases we find two different types of force
traces which we label sawtooth profile and ramp-plateau profile.. In the for-
mer, the force extension curve has a series of sawtooth peaks superposed
on the usual constant force of ~15pN found unzipping bare DNA, while in
the ramp-plateau case, the force near an unzipping constraint increases
roughly linearly and then levels off and then returns to its baseline value
(~15pN) after the protein in unbound or the strongly base-paired region is dis-
rupted allowing the unzipping fork to pass through. These shapes are corre-
lated with the positions of bound proteins or sequence inhomogeneities. We
calculate how the force-extension profile depends on the protein or sequence
parameters. Our results compare well with observed in unzipping of natural-
sequence DNA and DNA with bound proteins. These results point the way to-
ward inferring sequence-related information and protein binding enthalpies
from single molecule unzipping experiments.
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High-Throughput Single Molecule Measurements Confirm a Load-Depen-
dent Association Rate for E-Selectin and Sialyl Lewisa
Jeremy H. Snook, Alexander R. McClure, William H. Guilford.
We previously reported the association rate between E-selectin and sialyl Lew-
isa, two molecules involved in leukocyte adhesion and rolling, to be accelerated
by compressive loads acting between them (Snook and Guilford, 2010). To im-
prove and expand these studies, we have built a magnetic bond pulling system
for high-throughput data collection from single molecules for studies of load-
dependent kinetics. The system allows us to replicate laser trap and biomem-
brane force probe experiments on a larger scale. Four electromagnets are ar-
ranged in a tetrahedron, two above and two below a flow cell. These provide
uniform upward and downward forces, respectively. The system is controlled
through a LabVIEW interface and is capable of producing vertical pushing
and pulling forces up to ~40 pN between receptor-coated surfaces and 3 mm li-
gand-coated superparamagnetic beads. Loads are applied to dozens of beads si-
multaneously, which are tracked through video microscopy with a temporal
resolution of 11 ms. We used the device to investigate the possibility of
a load-dependent rate of association between E-selectin and sialyl Lewisa.
The fraction of contacts forming a bond (‘‘adhesion probability’’) can be fitted
as a function of contact time to determine the 2-dimensional on-rate. This was
done over a range of compressive forces to determine the effect of compressive
force on 2D on-rate. We confirmed that compressive force does indeed increase
the rate of association between E-selectin and sialyl Lewisa. This high-through-
put approach will allow us to more rapidly investigate the origin of this
phenomenon.
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Passive Torque Wrench and Angular Position Detection Using a Single
Beam Optical Trap
James Inman, Scott Forth, Michelle D. Wang.
The recent advent of angular optical trapping techniques has allowed for ro-
tational control and direct torque measurement on biological substrates.
Here we present a novel method that increases the versatility and flexibility
of these techniques. We demonstrate that a single beam with a rapidly ro-
tating linear polarization can be utilized to apply a constant controllable tor-
que to a trapped particle without active feedback while simultaneously
measuring the particle’s angular position. In addition, this device can rap-
idly switch between a torque wrench and an angular trap. These features
should make possible torsional measurements across a wide range of biolog-
ical systems.835-Pos Board B635
Spatial Distribution and Dynamics of Syntaxin-1 in Live PC-12 Cells
James C. Weisshaar, Renee Dalrymple.
The soluble N-ethyl-maleimide-sensitive factor-attachment protein receptor
(SNARE) proteins play an important role in vesicle fusion. The spatial distri-
bution of these proteins in live cells is largely unknown. Clusters of syn-
taxin-1 (Syx-1) were observed previously by Hell, Lang and co-workers
using stimulated emission depletion (STED) on PC-12 cell membrane sheets
with immunostaining.1 The clusters may be docking sites for large dense-
core secretory vesicles (LDCVs), which can then undergo exocytosis. In this
study we transfected rat pheochromocytoma (PC-12) cells with a plasmid en-
coding Syx-1 tagged with the photoactivatable protein mEos2 at the N-termi-
nus. Photoactivation and localization of single molecules was used to study
the distribution of Syx-1 in live PC12 cells, while single particle tracking
(SPT) was used to study the dynamics. The data indicate inhomogeneous dif-
fusion, with some Syx-1 molecules appearing confined and others seemingly
diffusing freely. A plot of is initially linear with a slope corresponding to
a free diffusion constant of ~0.15 mm2/sec. The spatial distribution is somewhat
clustered, but seemingly much less so than in the earlier study of unroofed cells.
LDCVs were imaged in sequence with Syx-1 using EGFP labeled tissue plas-
minogen activator (tPA). Preliminary data suggest that LDVCs visit the plasma
membrane along specific branched paths whose locations tend to be anti-corre-
lated with the distribution of Syx-1.
1JJ Sieber, et al. Science 317, 1072–1076 (2007).
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Single-Molecule Fluorescence Study on Membrane Proteins Derived from
Living Organisms: Application to Drosophila Olfactory Receptor Or83b
Hong-Won Lee, Han-Ki Lee, Si-On Lee, Kipom Kim, Du-Young Min,
Walton Jones, Tae-Young Yoon.
Or83b is a broadly expressed receptor protein for Drosophila melanogaster ol-
faction, but its exact function has not yet been identified. It is still sharply debated
whether Or83b is a simple signal mediator in cooperation with other receptors or
Or83b itself acts as a part of a cation channel. Here, we describe a general meth-
odology for investigating the functionofmembrane proteins, derived from living
organisms, using single-molecule fluorescence techniques. We reconstituted
Or83b and other membrane proteins from Drosophila antennae in 50-nm sized
vesicles. Then, total internal reflection fluorescence (TIRF) microscopy was
used to reveal the stoichiometry ofOr83b reconstituted in vesicles. The function-
ality ofOr83bwas checkedbyfluorometric analysis that detectedCa2þ ion influx
into the proteoliposomes, which could be triggered by addition of odorant mol-
ecules. Our experimentmay provide a generalmethodology for studying various
membrane proteins, which do not have available recombinant forms.
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Single Molecule TIRF Study of Fibrinogen Polymerization
Alina L. Popescu, Kathryn K. Gersh, Dan Safer, John W. Weisel.
We used the bleaching behavior of fluorescently labeled fibrinogen molecules
in total internal reflective fluorescence microscopy (TIRF) together with calcu-
lations of labeling probability to determine the number of active fluorophores
attached nonspecifically to a fibrinogen molecule. From the total intensity of
the bleaching steps - as single molecule signature events - and the probability
of active labeling of the molecules, we obtained a single molecule intensity cal-
ibration. Fibrin fibers were observed and characterized in TIRF by using this
calibration. Fibrinogen polymerization was induced in the TIRF observation
chamber by diffusive mixing of fibrinogen and thrombin, which initiates poly-
merization by cleavage of the fibrinopeptides to produce fibrin. We show that
live observation of fibrin fiber growth in TIRF can be translated by this calibra-
tion in molecular information on the growth kinetics and molecular mecha-
nisms of fibrin fibers formation.
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Imaging an Expanding Molecular Robot World Using Super-Accuracy
Single-Molecule Fluorescence Microscopy
Nicole Michelotti, L. Devon Triplett, Alex Johnson-Buck,
Anthony J. Manzo, Jeanette Nangreave, Steven Taylor,
Milan N. Stojanovic, Hao Yan, Nils G. Walter.
We recently demonstrated the concept of molecular robotics with a synthetic
DNA-based nanowalker, dubbed a ‘‘spider’’ composed of a streptavidin protein
"body" attached to three biotinylated DNA enzyme legs, along a one-dimensional
track of chimeric DNA-RNA substrates positioned on a DNA origami (1,2). By
cleaving its substrates, the spider weakens the binding energy between its legs
andpreviously visited sites, resulting in a biased, processive, randomwalk towards
fresh substrate. Additional components are nowbeing incorporated into the spider
world to increase its versatility and complexity in behavior. For example, we are
implementing a second spider that walks on a different substrate. This spider can
